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What Is Claimed Is:

1. A process for the production of esters of unsaturated carboxylic

acids, said process comprising:

passing a gaseous alkane, molecular oxygen and a gaseous

alcohol to a reactor, said reactor containing one or more

oxidation catalysts cumulatively effective for the oxidation of

said alkane to an ester of its corresponding unsaturated

carboxylic acid with said alcohol;

said reactor being operated at a temperature of from 500°C to

1000°C, with a reactor residence time no greater than 100

milliseconds.

2. The process according to claim 1, wherein said one or more

oxidation catalysts cumulatively effective for the oxidation of

said alkane to an ester of its corresponding unsaturated

carboxylic acid with said alcohol comprises a mixed metal oxide

having the empirical formula

MOaVbMcNdQeXfOg

wherein

M is an element selected from the group consisting of Te and Sb,

N is at least one element selected from the group consisting of

Nb, Ta, W, Ti, Al, Zr, Cr, Mn, B, In, As, Ge, Sn, Li, Na, K, Rb, Cs, Fr,

Be, Mg, Ca, Sr, Ba, Hf and P,

Q is at least one element selected from Group 8 of the periodic

. table of the elements,

X is at least one element selected from the group consisting of

Pb and Bi, a, b, c, d, e, f and g represent relative atomic amounts of the

elements, and when a = 1, b = 0.01 to 1.0, c = 0.01 to 1.0, d = 0.01 to 1.0,

e = 0.001 to 0.1, f = 0.001 to 0.1 and g depends on the oxidation state of

the elements other than oxygen
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3. A process for the production of esters of unsaturated carboxylic

acids, said process comprising:

passing a first gaseous stream comprising an alkane and

molecular oxygen to a reactor;

passing a second gaseous stream comprising an alcohol to said

reactor;

said reactor containing one or more oxidation catalysts

cumulatively effective for the oxidation of said alkane to an ester

of its corresponding unsaturated carboxylic acid with said

alcohol;

said one or more oxidation catalysts comprising a first catalyst

effective for the oxidation of said alkane to its corresponding

alkene and a second catalyst effective for the oxidation of said

alkene, in the presence of said alcohol, to an ester of its

corresponding unsaturated carboxylic acid with said alcohol;

said first catalyst being disposed in a first reaction zone;

said second catalyst being disposed in a second reaction zone;

said first reaction zone being disposed upstream of said second

reaction zone relative to a direction of flow of said first gaseous

stream through said reactor;

said second gaseous stream being fed to said reactor

intermediate said first reaction zone and said second reaction

zone;

said first reaction zone being operated at a temperature of from

500°C to 1000°C, with a first reaction zone residence time of no

greater than 100 milliseconds;

said second reaction zone being operated at a temperature of

from 100°C to 300°C, with a second reaction zone residence time

of no greater than 100 milliseconds.
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The process according to claim 3, wherein said first catalyst

effective for the oxidation of said alkane to its corresponding

alkene comprises a reducible metal oxide promoted with a metal

selected from Group 8 of the periodic table of the elements

supported on a three-dimensional support structure.

The process according to claim 4, wherein said Group 8 promoter

metal is selected from the group consisting of Pt, Pd, Rh, Ir, Ru

and mixtures thereof.

The process according to claim 4, wherein said reducible metal

oxide is an oxide of a metal selected from the group consisting of

Cu, Cr, V, Mn, Nb, Mo, W, Re, Ga, Ge, In, Sn, Sb, Tl, Pb, Bi, Te,

As, Se, Zn, Y, Zr, Ta, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,

Er, Tm, Yb, Lu and mixtures thereof.

The process according to claim 3, wherein said first catalyst

effective for the oxidation of said alkane to its corresponding

alkene comprises platinum and tin supported on a three-

dimensional structure.

The process according to claim 3, wherein said first catalyst

effective for the oxidation of said alkane to its corresponding

alkene comprises platinum, rhodium and tin and/or tin oxides.

The process according to claim 3, wherein said second catalyst

effective for the oxidation of said alkene, in the presence of said

alcohol, to an ester of its corresponding unsaturated carboxylic

acid with said alcohol is selected from the group consisting of-

(A) a catalyst comprising a mixed metal oxide having the

empirical formula
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MOaVbMcNdOe

wherein

M is selected from the group consisting of Te and Sb,

N is at least one element selected from the group consisting of

Nb, Ta, W, Ti, Al, Zr, Cr, Mn, B, In, As, Ge, Sn, Li, Na, K, Rb,

Cs, Fr, Be, Mg, Ca, Sr, Ba, Hf and P,

a, b, c, d and e represent relative atomic amounts of the

elements, and

when a = 1, b = 0.01 to 1.0, c = 0.01 to 1.0, d = 0.01 to 1.0 and e

depends on the oxidation state of the elements other than

oxygen!

(B) a catalyst comprising a mixed metal oxide having the

empirical formula

MOaSbbOc

wherein

a, b and c represent relative atomic amounts of the elements,

and

when a = 1, b = 0.01 to 1.0, and c depends on the oxidation state

of the elements other than oxygen; and

(C) a catalyst comprising a mixed metal oxide having the

empirical formula

MoaSbbBicOd

wherein

a, b, c and d represent relative atomic amounts of the elements,

and

when a = 1, b = 0.01 to 1.0, c = 0.01 to 1.0 and d depends on the

oxidation state of the elements other than oxygen.

The process according to claim 3, wherein said second catalyst

effective for the oxidation of said alkene, in the presence of said

alcohol, to an ester of its corresponding unsaturated carboxylic

acid with said alcohol is selected from the group consisting of



37

(a) a supported catalyst comprising at least one element

selected from the group consisting of elements of

Groups 5B, 6B, 7B and 8 of the periodic table of the

elements promoted with at least one element selected

from Group IB of the periodic table of the elements

plus bismuth oxide acetate;

(b) a catalyst comprising ruthenium;

(c) catalyst comprising Pd and Bi on a support;

(d) a supported catalyst comprising Pd and at least one

element selected from the group consisting of

elements of Groups 3A, 4A, 5A and 6B of the periodic

table of the elements and at least one element

selected from the group consisting of elements of

Groups 3B and 4B of the periodic table of the

elements;

(e) a supported catalyst comprising Pd and at least one

element of Group IB of the periodic table of the

elements;

(£) a supported catalyst comprising Pd an Pb; and

(g) a supported catalyst comprising Pd nd at least one

element selected from the group consisting of Ba, Au,

La, Nb, Ce, Zn, Pb, Ca, Sb, K, Cd, V and Te.

A process for the production of esters of unsaturated carboxylic

acids, said process comprising:

passing a first gaseous stream comprising an alkane and

molecular oxygen to a reactor;

passing a second gaseous stream comprising an alcohol to said

reactor;

said reactor containing one or more oxidation catalysts

cumulatively effective for the oxidation of said alkane to an ester
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of its corresponding unsaturated carboxylic acid with said

alcohol;

said one or more oxidation catalysts comprising a first catalyst

effective for the oxidation of said alkane to its corresponding

unsaturated aldehyde and a second oxidation catalyst effective

for the oxidation of said unsaturated aldehyde, in the presence of

said alcohol, to an ester of its corresponding unsaturated

carboxylic acid with said alcohol;

said first catalyst being disposed in a first reaction zone;

said second catalyst being disposed in a second reaction zone;

said first reaction zone being disposed upstream of said second

reaction zone relative to a direction of flow of said first gaseous

stream through said reactor;

said second gaseous stream being fed to said reactor

intermediate said first reaction zone and said second reaction

zone;

said first reaction zone being operated at a temperature of from

500°C to 1000°C, with a first reaction zone residence time of no

greater than 100 milliseconds;

said second reaction zone being operated at a temperature of

from 100°C to 300°C, with a second reaction zone residence time

of no greater than 100 milliseconds.

A process for the production of esters of unsaturated carboxylic

acids, said process comprising-

passing a first gaseous stream comprising an alkane and

molecular oxygen to a reactor;

passing a second gaseous stream comprising an alcohol to said

reactor;

said reactor containing one or more oxidation catalysts

cumulatively effective for the oxidation of said alkane to an ester
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of its corresponding unsaturated carboxylic acid with said

alcohol;

said one or more oxidation catalysts comprising a first catalyst

effective for the oxidation of said alkane to its corresponding

alkene, a second catalyst effective for the oxidation of said

alkene to its corresponding unsaturated aldehyde, and a third

catalyst effective for the oxidation of said unsaturated aldehyde,

in the presence of said alcohol, to an ester of its corresponding

unsaturated carboxylic acid with said alcohol;

said first catalyst being disposed in a first reaction zone;

said second catalyst being disposed in a second reaction zone!

said third catalyst being disposed in a third reaction zone;

said first reaction zone being disposed upstream of said second

reaction zone relative to a direction of flow of said first gaseous

stream through said reactor;

said second reaction zone being disposed upstream of said third

reaction zone relative to said direction of flow of said first

gaseous stream through said reactor;

said second gaseous stream being fed to said reactor

intermediate said second reaction zone and said third reaction

zone;

said first reaction zone being operated at a temperature of from

500°C to 1000°C, with a first reaction zone residence time of no

greater than 100 milliseconds;

said second reaction zone being operated at a temperature of

from 200°C to 400°C, with a second reaction zone residence time

of no greater than 100 milliseconds;

said third reaction zone being operated at a temperature of from

100°C to 300°C, with a third reaction zone residence time of no

greater than 100 milliseconds.
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13. A process for the production of esters of unsaturated carboxylic

acids, said process comprising-

reacting an unsaturated aldehyde with an alcohol to form an

acetal;

passing a gaseous stream comprising the so-formed acetal and

molecular oxygen to a reactor, said reactor containing at least

one catalyst effective for oxidation of said acetal to its corresponding

ester; said reactor being operated at a temperature of from

200°C to 500°C, with a reactor residence time of no more than 100

milliseconds.

14. The process according to claim 13, wherein said unsaturated

aldehyde is obtained by the process comprising:

passing a gaseous stream comprising an alkane and molecular

oxygen to a reactor, said reactor containing at least one catalyst

effective for the oxidation of said alkane to its corresponding

unsaturated aldehyde.

15. A process for the production of unsaturated carboxylic acids, said

process comprising:

passing a gaseous stream comprising an alkane and molecular

oxygen to a reactor, said reactor containing one or more

oxidation catalysts cumulatively effective for the oxidation of said alkane

to its corresponding unsaturated carboxylic acid, said reactor being

operated at a temperature of from 500°C to 1000°C, with a reactor

residence time no greater than 100 milliseconds.


